ABSTRACT-We examined the therapeutic effects of the inflammatory cell infiltration inhibitor IS-741 (N-(2-((ethylsulfonyl)amino)-5-(trifluoromethyl)-3-pyridinyl)-cyclohexanecarboxamide monosodium salt monohydrate) on a rat colitis model. As a result of its effects on leukocyte infiltration, IS-741 inhibits cell adhesion, alleviates symptoms and signs of pancreatitis and multiple organ failure and demonstrates a lifesaving effect in a model of severe acute pancreatitis. A rat model was prepared by inducing colitis with 3% dextran sodium sulfate (DSS) and maintaining pathology with 1% DSS. Repeated oral administration of IS-741 at 1, 10 or 100 mg/kg per day was conducted for 2 weeks (during treatment with 1% DSS). IS-741 at each dose decreased the area of erosion in the large intestine, thickening of the wall of the large intestine and anemia caused by melena. Some effects of IS-741 were nearly equivalent to those of the control compound salazosulfapyridine. Furthermore, IS-741 markedly alleviated inflammatory cell infiltration into the intestinal wall. IS-741 improved lesions in a rat DSS model by inhibiting leukocyte infiltration, suggesting the possibility of clinical application of this drug for IBD.
Since the cause of inflammatory bowel disease (IBD) is still uncertain, methods for treatment of IBD aimed at elimination of its cause have yet to be established. In this regard, various methods of treatment of IBD have been investigated.
Metabolites of arachidonic acid are mediators that directly induce intestinal tract inflammation. The involvement of thromboxane A 2 (TXA2) generated by cyclooxygenase and leukotriene B4 (LTB4) generated through lipoxygenase in pathogenesis of IBD has been reported (1) . Increase in LTB4 production is known to be closely related to acute inflammation. In this regard, LTB4 is considered an important factor aggravating the inflammatory reaction (2) . A relationship between TXA2 and persistent chronic inflammation has also been found. Salazosulfapyridine (SASP) and adrenocortical steroids, which are extensively used as effective therapeutic drugs for IBD, both inhibit the metabolic pathway of arachidonic acid, and inhibition of the generation of TXA2 and LTB4 is believed to be their mechanism of action.
Recently, the abnormal immunological condition caused by IBD has been clarified to some extent, and it has been found to be closely related to the occurrence of IBD. Studies on the abnormal immunological condition in IBD are being conducted from various aspects, including increase in IgG-containing cells, precipitation of complement in the intestinal mucosa, abnormality of cellular immune mechanisms and cytokine function (anti-TNF= antibody or anti-IL-10 antibody (3, 4) ). Clinically, drugs with immunosuppressive effects are used in the treatment of IBD (5, 6) . On the other hand, oxygen-free radicals produced by neutrophils and macrophages and nitrogen monoxide generated from vascular endothelium are also assumed to cause tissue damage (7, 8) . In this connection, the study of superoxide dismutase is proceeding. Recently, the involvement of neutrophils in the pathogenesis of IBD is attracting attention, and treatments using fiber filters that remove only excessively activated neutrophils are being investigated. It is reported that this method is very effective in inducing remission of IBD that does not respond to the above-mentioned drug therapy and that such remission can be maintained by periodic removal of neutrophils (9 -12) . In addition, the involvement of cell adhesion molecules in IBD is attracting particular attention (13 -17) , and a study has begun to inhibit neutrophil function with the use of drugs (eNIF: recombinant neutrophil inhibitory factor (18), ICAM-1 antisense (19) ).
Onset of IBD is noted in comparatively young individuals. Despite the presence of various treatment methods, cure is difficult and patients suffer from this disease for a long period of time. Furthermore, in addition to the substantial physical and financial burden on patients, it is often difficult to continue treatment due to decreased therapeutic effects or adverse reactions (20, 21) , over the course of time. In this regard, use of IS-741 may expand the choices available for treatment of IBD, simplifying prescription or therapeutic technique and decreasing the physical and financial burden on patients. IS-741 has been demonstrated to inhibit leukocyte infiltration and to alleviate various types of inflammation by inhibiting cell adhesion (22 -27) . Since IS-741 is expected to be efficacious against IBD, in which leukocyte infiltration plays an important role in pathogenesis, the effect of IS-741 was investigated in a typical rat IBD model of ulcerative colitis induced by dextran sodium sulfate (28) .
MATERIALS AND METHODS

Test substance
The test compound IS-741 (N-(2-((ethylsulfonyl)amino)-5-(trifluoromethyl)-3-pyridinyl)-cyclohexanecarboxamide monosodium salt monohydrate) (Fig. 1) is a diaminopyridine derivative created by Ishihara Sangyo Kaisha, Ltd. (Kusatsu). As a control compound, SASP (Lot No. AA4383, Salazopyrin tablet 500 mg; Yoshitomi Pharmaceutical, Osaka), a drug generally used in the treatment of IBD, was used.
Groups
In addition to the 1, 10 and 100 mg / kg per day groups of IS-741 for model rats, a SASP group in which the control compound SASP was administered at 100 g / kg per day to model rats, a normal group in which distilled water used as vehicle was administered to normal rats, and a DSS (dextran sodium sulfate) group in which distilled water used as vehicle was administered to model rats were included. Each group included 10 animals.
Preparation of model and administration of compounds
IBD model animals were prepared by giving 3% DSS (lot No. CKQ7309; Wako Pure Chemical Industries, Ltd., Osaka) in aqueous solution in drinking water to rats (Sprague Dawley, male, 7-week-old; Charles River Japan, Inc., Sagamihara) ad libitum for 11 days. Subsequently, 3% DSS was changed to 1% DSS on the day of initiation of compound administration, and pathology was maintained during the administration period by similarly giving 1% DSS in drinking water. Purified water was similarly given to the animals in the normal group during the study period. Both the test compound and control compound were dissolved or suspended in distilled water, which was used as vehicle, and repeated oral administration of the respective compounds was conducted at 10 ml/kg once a day for 2 weeks. Vehicle alone was similarly administered to the animals in the normal group and the DSS group.
Assessment
Various tests were conducted in all the rats after completion of the administration period. Using a Coulter Counter Model T-660 automatic blood cell counter (Nikkaki Co., Ltd., Tokyo), white blood cell count (WBC), red blood cell count (RBC), hemoglobin (Hb), hematocrit (Ht) and platelets were determined. According to the method of Kimura et al. (28) , samples stained with 1% Alcian blue were prepared, and the area of erosion in the large intestine was determined by an imaging analysis device ("Win ROOF" universal image processing device). To assess thickening of the intestinal wall, the length of the large intestine (colon and rectum) was determined at autopsy. Furthermore, histopathological samples from the large intestine were prepared by hematoxylin-eosin staining according to the usual method. The changes observed on histopathological examination were graded numerically (no change: 0, slight change: 0.5, mild change: 1.0, moderate change: 2.0, severe change: 3.0).
Statistic assessment
The results of blood tests, area of erosion in the large intestine, length of the large intestine and histopathological examination were statistically analyzed. Differences with a probability of 5% on both sides were considered significant (P<0.05). In the case of blood test values, area of erosion in the large intestine and length of the large intestine, homoscedasticity was assessed by the F-test for comparison with the normal group and the DSS group and for comparison between the DSS group and SASP group. Student's t-test was applied in cases of homoscedasticity, and Aspin- Welch's t-test applied in cases of non-homoscedasticity. For comparison of the DSS group and the three IS-741-dosing groups, uniformity (P<0.01) was tested by the Bartlett method, and Williams' multiple comparison was performed in cases of uniformity. In cases of non-uniformity, log-transformation of data was performed for a further uniformity test (P<0.05) by Bartlett's method. In cases of uniformity, the log-transformed data were examined by Williams' multiple comparison. Only the erosion area values were transformed into log values for analysis in the present study. For histopathological test results, Wilcoxon's rank-sum test was used for comparison between the normal group and DSS group and between the DSS group and SASP group, while Shirley-Williams' multiple comparison (separate ranking) was used for comparison between the DSS group and IS-741 groups. Values are expressed as the mean ± S.D. of ten animals.
RESULTS
On hematological examination, a decrease in RBC, Hb and Ht as well as an increase in WBC were noted in the DSS group compared with the normal group. Compared with the DSS group, the magnitude of decrease in RBC and Hb was less in all the IS-741 groups. Furthermore, the magnitude of decrease in Ht was also less in the IS-741 100 group. On the other hand, compared with the DSS group, the magnitude of decrease in RBC, Hb and Ht was less in the SASP group (Fig. 2) .
Erosion area was not detected in the normal group, but was high in the DSS group. Compared with the DSS group, erosion area was reduced in all the IS-741 groups and the SASP group (Fig. 3) . The length of the large intestine was reduced in the DSS group compared with the normal group, reflecting thickening of the intestinal wall, a finding associated with erosion. Compared with the DSS group, less decrease in length of the large intestine was noted in all the IS-741 groups and the SASP group (Fig. 4) .
On histopathological examination, sloughing of tissue from the mucosal epithelium to the lamina propria mucosae , and metaplasia and regeneration (both, P<0.01) were observed in the DSS group, sloughing was decreased (P<0.05), and metaplasia and regeneration were enhanced (P<0.05) in the SASP group. Enhanced regeneration (P<0.01) was noted in the IS-741 10 and 100 groups. B: Sloughing (P<0.01), hemorrhage (P<0.001), neutrophil infiltration (P<0.001) and lymphatic cell infiltration (P<0.001) were observed in the DSS group. These changes were not alleviated in the SASP group, but hemorrhage was decreased (P<0.005) in the IS-741 10 and 100 groups, and neutrophil infiltration was decreased (P<0.05) in the IS-741 100 group. C: Sloughing (P<0.05), hemorrhage (P<0.05), neutrophil infiltration (P<0.01), lymphatic cell infiltration (P<0.01), edema (P<0.01) and thickening (P<0.01) were observed in the DSS group. These changes were not alleviated in the SASP group, but neutrophil infiltration was decreased in the IS-741 10 and 100 groups (P<0.01, both groups). D: Hemorrhage (P<0.05), neutrophil infilration (P<0.01), lymphatic cell infiltration (P<0.01) and edema (P<0.01) were observed in the DSS group. These changes were not alleviated in the SASP group, while improvement was noted in the IS-741 10 and 100 groups in hemorrhage (P<0.05, P<0.01, respectively), neutrophil infiltration (P<0.01, both groups), lymphatic cell infiltration (P<0.05, both groups) and edema (P<0.01, both groups). E: The activation of lymphoid follicles (P<0.05) observed in the DSS group was not alleviated in the SASP group but was inhibited in the IS-741 10 and 100 groups. A -D: Any change was not observed in the normal group.
of the large intestine (sometimes reaching the muscularis mucosae), hemorrhage, and infiltration of neutrophils and lymphatic cells in sites of the large intestine from the mucosal epithelium to the submucosa were noted as major lesions in the DSS group and were not present in the normal group (Figs. 5 and 6 ).
In addition to these changes, edema originating from the muscularis mucosae to the submucosa, thickening of the muscularis mucosae and hyperplasia of lymphoid follicles in the submucosa were observed. Furthermore, regeneration or squamous metaplasia in the mucosal epithelium, though slight, was also observed (Figs. 5 and 6 ). Hyperplasia of lymphatic cells was noted in mesenteric lymph nodes. In the IS-741 10 group, the hemorrhage in the lamina propria layer and submucosa, neutrophil or lymphatic cell infiltration in the muscularis mucosae and submucosa, edema in the submucosa and hyperplasia of lymphoid follicles were alleviated. Regeneration of the mucosal epithelium was also noted. In addition to the improvements observed in the IS-741 10 group, the neutrophil infiltration in the muscularis mucosae was alleviated in the IS-741 100 group. Especially noteworthy in the latter group was the decrease in neutrophil infiltration in the submucosa. Hemorrhage and edema in the same sites of the large intestine were also markedly alleviated. On the other hand, sloughing of the mucosal epithelium was significantly alleviated in the SASP group. Though squamous metaplasia or regeneration of the mucosal epithelium was noted, the former was predominant in the SASP group (Figs. 5 and 6 ).
DISCUSSION
The DSS-induced colitis model is reported to be useful for evaluation of therapeutic effects against ulcerative colitis, since erosion occurs frequently in the rectum with good reproducibility in it (28 -30) . Increased erosion area was noted in the rectum in the DSS group in this study. Histopathological examination of erosion sites indicated sloughing of tissue from mucosal epithelium to the tunica propria, hemorrhage extending from mucosal epithelium to submucosa, marked inflammatory cell infiltration mainly with neutrophils and lymphocytes, and edema as the major lesions. The length of the large intestine including other than the sites of erosion, was decreased, reflecting thickening of the intestinal wall. Furthermore, hematological examination indicated a tendency toward anemia in addition to increased WBC. We speculate that the tendency toward anemia indicated melena due to hemorrhage of the rectum, based on results of histopathological examination. Based on the above findings, the DSS rat model used in this study is considered a valid model of ulcerative colitis for humans. IS-741 at 1, 10 and 100 mg/kg per day alleviated mucosal erosion in the rectum and decreased length of the large intestine. It also alleviated the anemia assumed to be due to the melena caused by rectal erosions. The effect observed at each dose of IS-741 was nearly equivalent to that of SASP at 100 mg /kg per day.
It has already been reported that IS-741 inhibited leukocyte infiltration in a severe acute pancreatitis model, alleviates lesions of pancreatitis and multiple organ failure, and has a life-saving effect in an animal model of severe acute pancreatitis (23 -27) . It has also been reported that the inhibition by IS-741 of leukocyte infiltration is based on inhibition of cell adhesion (22, 23) . IS-741 acts on HL-60 (a human promyelocytic leukemia line) and inhibits the adhesion of HL-60 to vascular endothelial cells (22) . Recent investigational results suggest that IS-741 inhibits cell Photo A for the DSS group reveals sloughing of tissue from the mucosal epithelium to the lamina propria and advanced neutrophil and lymphatic cell infiltration as well as edema from the lamina propria to submucosal tissue as major lesions. Photo B for the IS-741 100 group reveals regeneration and metaplasia, although slight, in the mucosal epithelium, and neutrophil and lymphatic cell infiltration as well as edema were markedly decreased from the lamina propria to submucosal tissue.
adhesion by inhibiting cluster formation of LFA-1 (lymphocyte function associated antigen-1, CD11a / CD18) with activation of LFA-1 (H. Shikama et al., unpublished data).
Although no report of a clinically effective synthesized anti-inflammatory drug that acts on integrin is available, attempts have been made to inhibit the function of inflammation through integrin molecules by neutralizing antibody in various inflammation models, and the efficacy attained in these attempts has been reported (31 -36) .
On the other hand, considerable involvement of the expression of adhesion molecules in the vascular endothelial cells in the pathology of IBDs has been reported in addition to that of abnormal cytokines produced by macrophages and lymphocytes in the tunica propria (13) . The adhesion molecules ICAM-1 (intercellular adhesion molecule-1), VCAM-1 (vascular cell adhesion molecule-1) and E-selectin are expressed in vascular endothelial cells by cytokines including IL-1 and TNF in sites of inflammation. ICAM-1 accounts for the majority of adhesion molecules expressed in vascular endothelial cells in the periphery of erosion sites in patients with active-stage IBD (37) . According to a study of human intestinal microvascular endothelial cells (HIMECs), ICAM-1 is consitutively expressed by such cells (38) . On the other hand, LFA-1, Mac-1 (CD11b/ CD18), VLA-4 (very late activation antigen) or other integrins are expressed in blood cells, including lymphocytes, neutrophils and macrophages, and play important roles in the migration of inflammatory cells to sites of inflammation. As noted above, ICAM-1 expressed in vascular endothelial cells and its ligand LFA-1 expressed in blood cells are thought to play important roles in inflammatory cell infiltration in ulcerative colitis as well.
Lymphocytes function throughout remission and the active stage of ulcerative colitis in the background. In addition to lymphocytes and plasma cells, infiltration by neutrophils, macrophages and eosinophils is observed in the mucosal layer of the large intestine during the active stage, yielding an acute-on-chronic picture. T-cell adhesion in human intestinal fibroblasts (HIF) derived from ulcerative colitis patients is higher than that in HIF from patients with other diseases (as demonstrated by binding assay with MOLT-4, a T-cell strain with LFA-1 on the surface). This phenomenon is inhibited by processing of anti-ICAM-1 antibody, and the LFA-1 and ICAM-1 adhesion pathway is also deeply involved in the interaction of T-cells and fibroblasts in the intestinal tract (39) . In ulcerative colitis, fibroblasts retain T-cells that have wandered from vessels in the interstitium and contribute to persistent cellular activation.
The effects of IS-741 on LFA-1 function and its marked inhibition of infiltration by neutrophils and lymphocytes into tissues observed in this study suggest that IS-741 inhibits adhesion of leukocytes to vascular endothelial cells or intestinal tissues by inhibiting the function of integrin and thereby exhibits an anti-inflammatory effect. The above results suggested that it is possible to treat ulcerative colitis with a compound that inhibits cell adhesion.
Repeated oral administration of IS-741 at 1, 10 and 100 mg/kg per day for 2 weeks inhibited the leukocyte infiltration that plays an important role in IBD by inhibiting the infiltration of inflammatory cells via inhibition of cell adhesion, which is the mechanism of action of this compound, and consequently alleviated intestinal erosion and intestinal thickening, an associated lesion. In addition, IS-741 alleviated the anemia due to melena caused by erosion. These results were comparable to those obtained with SASP, the drug of first choice in clinical treatment, suggesting that IS-741 may be useful for the treatment of IBD.
